This paper explores the challenges of using the Toulmin model to analyze students' dialogical argumentation. The paper presents a theoretical exposition of what is involved in an empirical study of real dialogic argumentation. Dialogic argumentation embodies dialectical featuresi.e. the features that are operative when students collaboratively manage disagreement by providing arguments and engaging critically with the arguments provided by others. The paper argues that while dialectical features cannot readily be understood from a Toulminian perspective, it appears that an investigation of them is a prerequisite for conducting Toulminian analysis. This claim is substantiated by a detailed review of five of the ten most significant papers on students' argumentation in science education. This leads to the surprising notion that empirical studies in the argumentation strandeven those studies that have employed non-dialectical frameworks such as the Toulmin modelhave implicitly struggled to come to terms with the dialectical features of students' discourse. The paper finally explores how some scholars have worked to attend directly to these dialectical features; and it presents five key issues that need to be addressed in a continued scholarly discussion.
Introduction
Most scholars of the argumentation strand in science education agree that the strand's dominant analytical frameworkthe Toulmin modeldoes not properly guide analysts on how to distinguish between the elementsclaim, data, warrant and so onthat Toulmin (1958) thought constituted an argument (e.g. Duschl 2007; Erduran 2008; Erduran et al. 2004; Jiménez-Aleixandre et al. 2000) . Some scholars have even hinted that interesting discursive aspects may become lost in translation when the Toulmin model is used to reduce the dialogic nature of students' argumentation into passive patterns of arguments (e.g. Hofstein et al. 2008; Naylor et al. 2007; Walker and Zeidler 2007) . Though some review articles have mentioned these problems (e.g. Bricker and Bell 2008; Sampson and Clark 2008) , there is to date no science education paper that has crafted a detailed review of the analytical problems that arise from using the Toulmin model on recorded argumentation. This is unfortunate because such an effort could shed light on some fundamental issues of concern within the argumentation strand. For there is a general tendency in how scholars have reacted to the problems of the Toulmin model by adjusting the model and adjusting the manner in which they have analyzed argumentation. By reviewing in detail five of the ten most significant papers of the argumentation strand, this paper argues that the argumentation strand consistently has struggled to come to terms with the dialectical features of students' dialogic argumentation. The paper argues, further, that it is warranted to have a thorough scholarly discussion about how to study and analyze dialogical argumentation.
The dialectical features of students' dialogic argumentation refer in this context to the features that are operative when students collaboratively manage (potential) disagreement by providing arguments and engaging critically with the arguments provided by others. There are a number of reasons for why the argumentation strand in science education should focus on these dialectical features. It has been argued that if the aim of education is to foster the development of rational agents, it involves enabling students to be attentive to their dialectical obligations of providing adequate argumentation and engaging with the argumentation of others (Siegel 1995) . It has been argued that dialectical argumentation is part and parcel of scientific debate (Pera 1994 )indicating that the approbation of the skills for such argumentative discourse should be a prime aim of science education. Within social psychology, it has been demonstrated that the dialectical processes that students go through upon having their standpoints challenged by peers can aid the construction of more detailed disciplinary knowledge, changing or revisiting world views, and the development of more appropriate ways of reasoning (Orsolini and Pontecorvo 1992; Pontecorvo and Girardet 1993; Pontecorvo and Pirchio 2000) . This seems to be the case especially if such processes involve negotiation and conciliation attempts (Leitão 2000 (Leitão , 2001 . Finally, within science education it has been argued that the promotion of scientific reasoning would benefit from an "emphasis on the […] dialogue logic found in dialectical contexts" (Duschl 2007, p. 172) .
On the face of it, only few studies in the argumentation strand have investigated the dialectical features of students' dialogic argumentation. But this is not completely correct. This paper argues that scholars of the argumentation strand have more or less been forced to attend to dialectical features of students' argumentative discourseand that this is true even for the studies that have applied the Toulmin model. Further, the paper argues thatuntil recentlyit has typically been the problems of the Toulmin model that have forced analysts to conduct dialectical interpretation in the first place. Finally, the paper argues that the interpretive efforts and decisions of the analysts who have attended to the dialectical features of dialogic argumentation havewith a few exceptionsremained largely implicit. The paper begins with a theoretical exposition of dialogical argumentation and the Toulmin model. The paper then reviews in detail some of the most significant contributions to the argumentation strand. Lastly, the paper reviews a few studies that have explicitly had dialectical features of students' dialogic argumentation as their object of study. On the basis of the review of theory and of empirical studies the paper proposes five key issues that the continued scholarly debate in the argumentation strand needs to address.
Dialogic Argumentation as an Object for Empirical Studies
In the first instance, argumentation is an activitysomething persons dowhile an argument is the product that can be distilled from that activity (e.g. O'Keefe 1977; van Eemeren and Grootendorst 2004) . In most definitions, argumentation is treated as a social activity, which is rationally guided, and primarily comprised of utterances (or speech acts) (e.g. Johnson 2002 ; van Eemeren et al. 1987) . When one studies actual argumentative discourse it is important to distinguish between monologic and dialogic argumentation. Following Goldman (1999) , this paper draws this distinction at the minimal level of the context of the argumentation: while "monological argumentation [is] a stretch of argumentation with a single speaker […] dialogical argumentation [is a stretch of argumentation] in which two or more speakers discourse with one another" (p. 131).
Most scholars in the argumentation strandincluding those who have applied the Toulmin modelhave explicitly embraced students' dialogic argumentation as their primary object of study. But by dialogic argumentation, scholars in the argumentation strand have typically meant more than just the context of argumentation. For example, Duschl and Osborne (2002) defined dialogic argumentation as a "social and collaborative process necessary to solve problems and advance knowledge" (p. 41). Similarly, Clark and Sampson (2008) have held that "dialogic argumentation stresses collaboration over competition" (p. 296); and Erduran et al. (2004) emphasized that "the goals in promoting argumentation in science lessons is to engage learners in dialogical conversation where they can not only substantiate their claims but also refute others' with evidence" (p. 927). So, beyond occurring in a dialogic context, dialogic argumentation has been treated as a collaborative problem-solving affair that can have epistemic outputs for students. Numerous scholars in the argumentation strand have offered equivalent definitions of dialogical argumentation (e.g. Driver et al. 2000, p. 291; Erduran 2008, p. 65; Garcia-Mila and Andersen 2007, p. 32; Hofstein et al. 2008, p. 73; Jiménez-Aleixandre 2007, p. 103; Jiménez-Aleixandre and Pereiro-Muñoz 2005, p. 420; Kelly and Chen 1999, p. 885; Kolstø and Ratcliffe 2007, p. 120; Munneke et al. 2003, p. 116; Naylor, et al. 2007, p. 17; Skoumios 2008, p. 382; Zeidler et al. 2006, pp. 99-101; Zohar 2007, p. 261) . Thus it has been standard in the argumentation strand to parse dialogic argumentation as a specialized way of arguing in which the participants not just defend their own claims, but also engage constructively with the argumentation of their peers. From the perspective of argumentation theory, that specialized way of arguing is typically referred to as dialectical argumentation.
Dialectical Features of Dialogic Argumentation
The term 'dialectical argument' is typically traced back to Aristotle's Topics (1997) . He posited dialectical argumentation as a special form of public arguing in which two (or more) arguers elicit arguments for and against a point of view (cf. van Eemeren et al. 1987) . This special form of arguing is necessary, Aristotle argued, if the premises that are used are not known to be true (cf. Smith 1993) . So in cases where the conclusion cannot be inferred from the premises, dialectical argumentation is necessary to establish a rational agreement. Still today, informal logicians distinguish dialectical arguments from inferences. While the latter are certain and valid arguments with conclusions that "can be reached without accounting for others' arguments", the former is a type of dialogic argument "that arise out of the heterogeneity of other arguments" (Beard 2003, p. 255; see also Johnson 2002; van Eemeren and Grootendorst 2004; Walton 2000) . Most notably, arguers who engage in dialectical argumentation interact through a register of dialectical moves such as questioning, elaborating, requesting justification, anticipating future reactions etc. (e.g. Johnson 2002; van Eemeren et al. 1987) .
In recent years, informal logicians have widely agreed that everyday (informal) dialogic argumentation embodies dialectical features (e.g. Blair and Johnson 1987; van Eemeren and Grootendorst 1982) . Thus the primary issue within informal logic has not been whether, but, rather, to which extent the notions of argumentation and argument appraisal should revolve around the notion of dialectics (Finocchiaro 2006; Johnson 2002) . While some have stipulated that all argumentation should be understood as if it were part of an attempt to dialectically reach an agreement (van Eemeren and Grootendorst 2004) , others have merely stipulated that the arguer has "dialectical obligations"of anticipating and reacting to others' argumentationthat she needs to "discharge" (Johnson 2002, p. 168 ; see also Kock 2007b) . The crux of the matter is that in cases where a given dialogic argumentative exchange involves argumentation from premises that are not evidently true, that exchange ideally embodies dialectical featuresin the sense that arguers collaboratively "manage [their potential or perceived] disagreement" (Wenzel 1993, p. 1) by providing arguments for their claims and constructively engaging with the argumentation of the others (cf. Clark 1990) .
Dialogic Argumentation as an Object of Study: Two Kinds of Products
Scholars of the argumentation strand have typically worked on the basis of a conceptual distinction between argumentation as a process and arguments as the productsi.e. premise-conclusion constellationsthat can be distilled from the process (e.g. Berland and Mcneill 2010; Bricker and Bell 2008; Duschl and Osborne 2002; Jiménez-Aleixandre and Erduran 2007; Osborne et al. 2004; Sampson and Clark 2008; Zohar and Nemet 2002) . While this distinction is both necessary and in line with a distinction drawn in argumentation theory (O'Keefe 1977; van Eemeren and Grootendorst 2004; Walton and Godden 2007) , it may also confuse or conflate two very different kinds of objects of study.
For empirical investigations of dialogic argumentation it is necessary to distinguish between two kinds of products: The argument sequences that consist of the arguers' talk turns, and the argument coresin the form of e.g. premise-conclusion patternsthat can be extrapolated from the argument sequences (see Table 1 ). Argument sequencesthat are represented in transcriptions of the occurred dialogic argumentationconsist of an ordered series of speech acts that were exchanged among arguers in the original argumentation process. The key quality of argument sequences is their sequential nature: they consist of talk turns that represent a temporally ordered discursive process by registering who said what, at what point. From the perspective of argumentation theory, argument sequences are on par with what Walton (2000) has called "dialogue sequence[s]" (p. 340) or "sequences of rational argumentation" (p. 329) in which "reasoning [is] moving forwards" (Walton and Godden 2007, p. 8) .
Argument cores are more abstract than argument sequences. Argument cores typically involve at least a conclusion or claim and one or more premises and these core elements are distilled or extrapolated by the analyst from the argumentation sequence in which they occurred. The key point is that such cores do not exist as concrete entitiesthey are abstractions from the recorded discourse that the analyst makes on the basis of an analytical framework. From the perspective of argumentation theory, argument cores are on par with what Ralph Johnson (2002) called the "illiative core" of an argument which is a descriptor of the level of "structure of argument" (p. 312); they denote what Willard (1989) called a "claims-reason-complex" (p. 77); and they are what Toulmin (1958) called an argument's "pattern [or] shape […] that has been presented in a series of steps conforming to certain basic rules of procedure" (p. 40). In fact, the Toulmin model is one analytical framework that describes which kinds of elements an argument core could or should consist of. Thus, analytical frameworks, such as the Toulmin model, mention generic core elements, such as claims, data, warrants, backings, qualifiers and rebuttals, and this directs the attention of the analyst to extrapolate talk units from her transcripts as talk units that may fit either of these generic core elements.
Both argument cores and argument sequences are ontologically distinct from the actually occurred dialogical argumentation process: While cores and sequences are "passive" objects, argumentation processes are "activities" (Willard 1989, p. 27) . But argument sequences and argument cores are ontologically distinct from one another: While argument cores are atemporal abstractions that the analyst has extrapolated and rearranged according to an analytical framework, argument sequences are temporal in the sense that they sequentially represent the occurred argumentative exchange; and while argument sequences record who said what in which order, the speakers are "typically absent" in argument cores (Johnson 1995, p. 239) . In argument cores, that is, the analyst has reduced the dialogic discourse to monological constellations of core elements.
If one is interested in the dialectical features of dialogic argumentation one has to attend to argument sequences for there is no (or at least not sufficient) information about these features stored in extrapolated core elements. The force of extrapolating cores is that it allows the analyst to abstract noise, reconstruct sentences, and freely re-arrange talk units as standing in (informal) logical relations with each othersuch as the relation between claim, data, warrants etc. (Andrews 2005) . But there is a trade off between (informal) logical relations and sequential situation. The extrapolation of core elements carves each reconstructed talk unit out if its sequential context. In the Toulmin model, for example, the (informal) logical relation between the core elements in an argument is intact regardless of the order in which they were uttered in the original argumentative exchange (cf. Toulmin 1958, pp. 16-7) . But in order to attend to the dialectical features, the sequential context is crucial. It makes no sense to speak of the dialectics of an argumentation process without The sentences that are extrapolated as those who play a role in the justification procedure. Typically involving at least a conclusion and one or more premises.
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Temporality Atemporal Temporal Sequential Ongoing Persons Absent Authors of talk turns Actors Representation Abstractions Transcriptions N/A taking into account who spoke and in which order. For example, to thematise the dialectical move of questioning, the analyst must attend to the issues of who questioned whom about what and at what stage in the argumentative exchange. But such a thematization "cannot be accommodated, at least straightforwardly" in approaches that focus on core elements (Walton and Godden 2007, p. 10) . The extrapolation of core elements is fundamentally the creation of a static layout of the argumentation; and while this has many benefits it precludes the analyst from studying her object of study as a dynamic dialectical exchange that moves forwards (e.g. Fulkerson 1996; Willard 1976; Wohlrapp 1987 ).
The Toulmin Model
Toulmin's (1958) model of informal argument patterns is by far the best-known framework that proposes which core elements could or should be extrapolated in the analysis of an argument. In an attempt to contest the dominance of formal logic, Toulmin (1958) aimed at expanding the "traditional" notion of logic to denote a science that can also have nonanalytical (what he calls "substantive") arguments as its object (see e.g. pp. 114ff). For Toulmin, argumentation, both analytical and non-analytical, is about the construction of "justificatory arguments" (p. 12). He was, that is, not concerned with the practical process through which persons reach conclusions, make decisions, or resolve disagreements; he was, rather, concerned with how "arguments sentence by sentence" justify such conclusions, decisions, or resolutions (p. 88). Consequently, the chief concern of the expanded science of logic that he proposed would be to scrutinize the "manner" with which arguers are "laying [their arguments] out" in order to justify claims (p. 88). The key to laying out everyday (substantive) arguments, Toulmin proposed, is to follow an ordered "procedure" (p. 21) of eliciting a number of different "elements" (the above mentioned core elements)namely "claim", "data", "warrant", "backing", "rebuttal", and "qualifier" (p. 89-95). Toulmin's most significant break with formal logic was to define the core elements in functional terms (cf. p. 87). Data, warrants, backings and so on have "different logical functions" because they perform different roles in the argument (p. 92). They are answers to different questions. While data-elements answer to "What have you got to go on?", warrantelements answer to "How do you get [from data to claim]?" (p. 90), backing-elements answer to "but why do you think that [the warrant is justified]?" (p. 95), and rebuttalelements answer to "[what are the] circumstances in which the general authority of the warrant would have to be set aside[?]" (p. 94).
Though The Uses of Argument (Toulmin 1958 ) was explicitly tentative (cf. p. 1), a vast number of scholars outside the field of argumentation theory have adopted Toulmin's model in studies of actually occurred argumentation. These different empirical studies share a roughly similar modus operandi: The Toulmin model provides a list and a description of core elements that the analyst looks for in the recorded argumentation, fitting talk units or sentences are extrapolated and rearranged to reconstruct the layout of the argument, and this resulting layout is either itself discussed and criticized or it is a part of a larger corpus of extrapolated argument cores about which something general is said.
According to Toulmin (1958) , the core elements could not be extrapolated on the basis of what he called a "grammatical" interpretation (1958, p. 91). Indeed, from Toulmin's perspective, the insecurity of interpreting messy everyday argument sequences is the sine qua non for introducing the distinction between elements such as datum and warrants in terms of their logical function rather than in terms of their expressive function in spoken language (see e.g. his famous 'physiology metaphor ', 1958, p. 87) . As Klumpp (2006) has summarized on behalf of Toulmin: "the form of [a] sentence does not permit the separation [of core elements;] [y]ou cannot simply look at a sentence and tell the function it is serving" (p. 107).
Numerous scholars in argumentation theory have argued that the Toulmin modelas an analytical frameworkcannot sufficiently guide an analyst to determine which of the functional questions a given talk unit answers to (e.g. Bermejo-Luque 2006; Chambliss 1995; Cooley 1959; Freeman 2005 Freeman , 2009 Johnson 1981a, b; Keith and Beard 2008; Newman and Marshall 1991; Reed and Rowe 2005; Trent 1968; Verheij 2005; Willard 1976 ). For example, Cowan (1964) and van Eemeren et al. (1987) have pointed out that talk units that may be extrapolated as data in one case can be extrapolated as a warrant in others and vice versa; similarly Castaneda (1960) , Gross (1984) , and Hample (1992) have argued that that there is no meaningful functional distinction between warrants and backings. Hample (1992) summarized the contention among these critics by stating that it is "hopeless" to distinguish between the different core elements "except for the case of someone who actually says 'I have found that' and 'We may take it that,'" and so on (p. 229). It seems to be a fundamental problem with the Toulmin model that it forces the Toulminian analyst to "engage in considerable translation to see how the argument fits" (Fulkerson 1996, p. 24) ; but if this translation, or interpretation, involves the manner in which arguers expressed themselves it would seem to violate Toulmin's (1958) rejection of grammatical interpretation.
Also within the argumentation strand in science education it has been acknowledged that the Toulmin model presents the analyst with interpretative difficulties of determining which core element a given talk unit should be extrapolated (as claim, data, warrant etc.) (e.g. Duschl 2007; Erduran, et al. 2004; Jiménez-Aleixandre, et al. 2000; Kelly et al. 1998; Walker and Zeidler 2007) . For example, Erduran (2008) saw this difficulty as the primary issue to be handled in the argumentation strand: If you were to ask scholars of the strand about their greatest concern they would "begin to ask you if you have figured out how to distinguish data from warrants" (p. 47).
Toulminian Analysis of Argument Cores in Science Education
This section reviews some of the key contributions to the argumentation strand with the aim of shedding light on how the scholars of the strand have addressed the interpretative difficulties that the Toulmin model creates. Particular attention will be given to five of the ten most significant 1 contributions to the strand: Kelly et al. (1998) , Jiménez-Aleixandre et al. (2000), Driver et al. (2000) , Erduran et al. (2004) , and Osborne et al. (2004) . The minute critical points that will be made in the following are not meant to cast doubt on the reliability of these papers. To be sure, there are very good reasons for why these papers are part of the canonical works on argumentation in science education. The points, which this paper aims to illuminate, are general points about some of the issues that the argumentation strand has struggled with since its beginning.
The use of Toulmin in the Early Works of the Argumentation Strand Kelly et al. (1998) conducted a study of students' dyadic spoken discourse while working on a hands-on performance assessment task relating to electricity problems. Their aim was to investigate how students articulated evidence for their claims through scrutinizing the layout of the participating students' discourse. In particular, their aim was to devise a framework that would enable future investigations of students' discourse from the angle of argumentation. Kelly et al. (1998) revised the Toulmin model: While they did not take account of rebuttals, they added a core element called "challenge", and, finally, they divided the data-element into three different elements according to the type of information relayed in the data -"facts", "empirical data", and "hypothetical data" (p. 856).
During Kelly et al.'s (1998) analysis, it became apparent that "the identification of 'data', 'claim' and 'warrant' was a subtle affair" (p. 856). Thus they had to find a way to circumvent the problem of determining which generic core element a given talk unit should be extrapolated as. To this end, Kelly et al. (1998) "needed to consider" (i) "the place of a particular argument made by a student in the context of the conversation", (ii) "the relationship of a particular utterance to the others in the argument", and (iii) "paralinguistic cues" (p. 856; emphasis added). Now, there are unmistakable dialectical connotations in the first two considerations that Kelly et al. (1998) needed to make. Indeed, attending to the dialectical features embodied in an argument sequence is the only way to ascertain "the place" of a set of talk units, or "the relationship" between multiple talk units, in a conversational context. So the picture that emerges from Kelly et al.'s (1998) analysis is that they saw the analysis of dialectical features as a necessary foundation for a Toulminian extrapolation of core elements. Further, it were the difficulties of using the Toulmin model as an analytical framework that motivated Kelly et al.'s attention to the dialectical features of argument sequences in the first place. Indeed, as Kelly et al. (1998) stated, it was these difficulties that led the authors to consult the overall "segment of the conversation" in their efforts to layout the structure of a given argument (p. 857; emphasis added). But though it is evident that Kelly et al. (1998) "had to look backward, and often forward in the conversation" (p. 857) in order to establish how to extrapolate a given talk unit, they did not explicate what they looked for in the argument sequences and how they interpreted the sequences. Kelly et al. (1998) to some extent also directly attended to the dialectical features of argument sequences. They wanted to derive a sort of matrix consisting of different "warranting strategies, referents and types" and different "antecedent conditions that led to warranted arguments"i.e. different argumentative prompts (such as a question being posed, a new claim being made, the invocation of empirical data) for the invocation of evidence (p. 867). They found that students were mainly prompted to invoke evidence in support of their antecedent claim when the opponent posed a question, forwarded propositions that somehow conflicted with the antecedent claim, or provided empirical data. This is not too surprising since such moves all belong to the dialectic register of challenges that an opponent may use (van . Unfortunately it is difficult to get a good sense of how Kelly et al. (1998) understood the different forms of argumentative prompts. For example, they distinguished between "statements" and "challenges", but went on to state that "[i]n either case the speaker may be affirming the previous claim […] [or] offering an alternative interpretation" (p. 866). A challenge that affirms the claim it challenges is not straightforwardly a challenge; and in what sense are statements that offer alternative interpretation different from challenges? Maybe the authors had in mind a distinction between full negations of a claim and merely partial doubts in a claimsuch as it is found in e.g. the pragma-dialectical school (van Eemeren and Grootendorst 2004)but the text of Kelly et al. (1998) provides no further clues. Even though a part of their study involved attending directly to argument sequences it is difficult to get a firm sense of how they conceptualized such sequences and the dialectical features they embody, and, more importantly, how these features were interpreted.
Jiménez-Aleixandre et al. (2000) ventured to investigate "argument patterns from high school students [who were] solving genetics problems" (p. 762) in situations where the students were "doing" or "talking science" (e.g. p. 759). In order to layout students' argument patterns, Jiménez-Aleixandre et al. (2000) used a (revised) Toulmin model as a guide for extrapolating core elements from the recorded argumentation. In parallel to argument patterns, Jiménez-Aleixandre et al. also investigated students' "epistemic operations" such as "explanation procedures, causal relations, and analogies"which the authors argued "are related to knowledge construction, specific from the science domain" (p. 763).
The first thing to note is that Jiménez-Aleixandre et al. (2000) were less explicit than Kelly et al. (1998) about the difficulties they faced when using the Toulmin model as a guide to extrapolate core elements. In fact, the authors did not mention any concrete difficulties concerning their analysis. Only in the very last sentence of the paper, Jiménez-Aleixandre et al. (2000) raise this as an issue for future research: "A question that deserves more detailed studies is […] "what counts" as explanation, warrant, or even data, and we are currently exploring these issues." (p. 783). So the authors did at some point come to the conclusion that it is not straightforward how different core elements in the Toulmin model should be parsed, but there is no mention of how this affected their analysis. At this point it is revealing to have a closer look at why the Jiménez-Aleixandre et al. (2000) also attended to students' epistemic operations.
While Jiménez-Aleixandre et al. (2000) initially stated that their attention to epistemic operations was motivated by their focus on developing scientific knowledge, it appears in later stages of their argument that this addendum to the Toulmin approach is motivated by some difficulties with analyzing argumentationmuch akin to the difficulties that Kelly et al. (1998) faced: "The argument pattern from Toulmin was not enough to interpret some exchanges, and that is why we developed a frame for epistemic operations" (p. 783; emphasis added). Further, from the coded transcripts that Jiménez-Aleixandre et al. (2000) present in their paper, it is evident that they extended the Toulmin model to include additional types of core elements (cf. in particular pp. 785-792): "Request" (apparently covering requests for justification as well as requests for clarification), "Oppositions" (apparently challenges to antecedent statements), "Counter-oppositions" (apparently re-assertions of an original claim that was being challenged), and "Concessions" (apparently a move that a speaker signals being convinced of the opposition to her original claim). Not only does this indicate that Jiménez-Aleixandre et al. (2000) saw the need for adjusting the Toulmin model so as to more precisely extrapolate core elements from dialogic argumentation, it also indicates that Jiménez-Aleixandre et al. (2000) attended the dialectical features of the students' dialogic argumentation. It is worth noticing how the added core elements all denote operations or moves that can only be interpreted from a dialectical perspective and by attending to the argument sequences. Unfortunately Jiménez-Aleixandre et al. (2000) did not describe or discuss these additional core elements in detail. The added elements appear however to be adopted from the "argumentative operations" that Pontecorvo and Girardet added to the Toulmin model (see e.g. Pontecorvo and Girardet 1993, p. 373) ; but from Jiménez-Aleixandre et al. 's (2000) text it is difficult to ascertain why and how they were used.
In another paper, Duschl (Duschl et al. 1999 )the third author of Jiménez-Aleixandre et al. (2000) explicitly denounced the adjusted Toulmin model that was used by Jiménez-Aleixandre et al. (2000) . Duschl et al. (1999) reported that when they applied "Toulmin's argument pattern to analyze group reasoning" they found that the analysis of discourse employing argumentative and epistemic operations did not adequately distinguish signal from noise. Consequently, distinguishing the structure and patterns of argument was difficult.
[…] The dialectical nature of the group interview made the assignment of analytic epistemic operations like definition, categorization, predication, evaluation, warrants and backings awkward. At times it felt as if square pegs were being forced into round holes (Duschl et al. 1999, p. 421; also in Duschl 2007, p. 168-9) The metaphor of forcing square pegs into round holes epitomizes the image that emerges from the early works of the argumentation strandnamely that scholars recognized the difficulty of taming dialogic argumentation by extrapolating talk units as one of the core elements in the Toulmin model. Further, in the passage above, Duschl et al. (1999) explicated the relation between this difficulty and the dialectical features of dialogic argumentation: Toulmin's description of the core elements in terms of their logical function is potentially out of sync with the dialectical nature of the recorded dialogic argumentation. Thus empirical studies that seek to resolve the difficulties that the Toulmin model causes must in the first place involve an interpretation of the dialectics of the dialogic argumentation.
This issue was also made explicit in what is undoubtedly the most significant contribution to the argumentation strand (in terms of citations at least)namely Establishing the norms of scientific argumentation in classrooms by Driver et al. (2000) . Driver et al. (2000) were concerned that the Toulmin model was insufficient when analyzing real dialogic argumentation for "[n]o recognition is given to the interactional aspects of argument" or to the fact that arguments generally are "influenced by [their] linguistic and situational contexts" (p. 294). According to Driver et al. (2000) what is needed for the Toulmin model to be a sufficient guide in the extrapolation of core elements is that the wider sequential context is taken into account: "the natural flow of conversation points are not necessarily developed sequentially and reference has to be made across extensive sections of the text to identify features of the argument" (p. 294). So Driver et al. (2000) also argued that empirical studies of students' dialogic argumentation, in which the analyst seeks to extrapolate Toulminian core elements, are parasitic to an interpretation of the individual talk units against the background of its place and role in the dialectical context. But beyond this recognition, Driver et al. (2000) provided no descriptioneven in embryotic formof a regimented procedure for how analysts consult the dialectical features of dialogic argumentation.
A trend emerges from these primary contributions to the early argumentation strand. First, the analysts who used the Toulmin model faced difficulties pertaining to which generic core element a given talk unit should be extrapolated as. Second, because of these difficulties the analyst needed to consider the dialectical features of the occurred dialogic argumentation. The analyst, that is, needed to consider the dialectics of the dialogueeither by attending to the wider sequential context as Driver et al. (2000) proposed, by looking "forward" and "backward" in the argument sequences as Kelly et al. (1998) did, or by attending to "epistemic operations" and marking dialectical moves such as "requests", "oppositions" and "concessions" as Jiménez-Aleixandre et al. (2000) did. Third, the analyst's interpretation of the dialectical features of the dialogic argumentation was only referred to rather than explicitly explained and discussed. So while it is evident that some dialectical interpretations were made, it is unclear what that interpretational work consisted of and how topical interpretative decisions were made.
A New Operationalization of the Toulmin Model
The two papers Enhancing the quality of argumentation in school science and TAPping into argumentation ) defined the gold standard for how scholars in the argumentation strand operationalized the Toulmin model in subsequent years. The primary outcome of the two papers, in particular of Erduran et al. (2004) , was the authors' proposal for a regimented procedure for the use of the Toulmin model that could possibly be used to elucidate a variety of research questions within (science) education. As such, their aim was to "improve the use of TAP [Toulmin's Argumentation Patterns]" (Erduran et al. 2004, p. 931 ) in a way that circumvents the analytical difficulties and in a way that would make the Toulmin model attractive for investigations of "the quantity and quality of argumentation" in science classrooms on a larger scale (Erduran et al. 2004, p. 916) .
The fulcrum of the regimented procedure proposed in Erduran et al. (2004) and Osborne et al. (2004) is a coding scheme that can be used to classify individual arguments in one of five levels of sophistication or complexity (cf. Erduran et al. 2004, pp. 926-7; Osborne et al. , p. 1008 . In this coding scheme "better quality arguments" are classified on a higher level in the scheme (Erduran et al. 2004, p. 927) . The qualitative measure that Erduran et al. (2004) used concerned the type, number, and quality of Toulmin's core elements in a given argument (cf. p. 928). Arguments that consist only of claims (in particular oppositional claimsclaims, that is, against other claims or against counterclaims) are situated on the first level. Arguments that also involve some sort of justification belong on the second level. Arguments thatbeside claim and justificationalso involve "the occasional weak rebuttal" (p. 928) belong on the third level, while arguments that involve one or more rebuttalsthat are strong in the sense that they "make a clear, self-evident connection to the data supporting the original claim" (p. 929)belong to levels four and five, respectively.
Against the background of this coding scheme, it is possible to spell outin skeletal form - Erduran et al. (2004) and Osborne et al. (2004) regimented procedure for using the Toulmin model: The analyst must (i) identify argumentative sequences in the data - Erduran et al. (2004) "focused on those instances where there was a clear opposition between" the participants (p. 920-1) -(ii) identify argument cores by extrapolating core elements from the identified argument sequences under the guide of a revised Toulmin model, (iii) classify each of the extrapolated argument cores under one of the five levels of sophistication, and (iv) collect and compare the development of frequencies of arguments of different levels of sophistication over time or across contexts.
Needless to say, this quantification of the quality of arguments speaks to those scholars who are interested in large-scale studies of the quality of argumentation in science education. Indeed, Erduran et al.'s operationalization of the Toulmin model, in general, and the five-level coding scheme, in particular, has been adopted in many contexts: The coding scheme has been applied in an unaltered fashion in other studies (Aufschnaiter et al. 2008; Osborne 2005; Simon 2008; Zeidler et al. 2006) ; it has been extended and elaborated by others in the strand (Chin and Osborne 2010; D. Clark and Sampson 2007; Skoumios 2008) ; it has been used in parallel with other analytical approaches (D. Clark and Sampson 2008; Shea et al. 2011; Simon and Johnson 2008; Wishart et al. 2011) ; it has inspired scholars to devise similar coding schemes (Dawson and Venville 2009; Sadler and Donnelly 2006; Sadler and Fowler 2006) ; and it has been discussed by and inspired many other studies (e.g. Aufschnaiter et al. 2007; Gott and Duggan 2007; Maloney and Simon 2006; Molinatti et al. 2010; Okada and Shum 2008; Ravenscroft and Mcalister 2008; Wu and Tsai 2007) .
The first two steps in the regimented analysis procedure proposed by Erduran et al. (2004) are of primary interest for this paper. The issue is how the authors proposed to regiment the procedure of identifying points of opposition among students and of extrapolating argument cores at those points according to the Toulmin model. The regimented procedure, which Erduran et al. (2004) proposed, hinges on (a) argumentative indicatorsi.e. specified words or phrases that indicate to the analyst the presence of an opposition or of one of the Toulminian core elementsand (b) that inter-rater reliability can be established on the basis of using such indicators as cues for coding (cf. Erduran et al. 2004, pp. 920-3; Osborne et al. 2004 Osborne et al. , p. 1008 .
In the first step, Erduran et al. (2004) sought to "identify episodes of opposition and dialogical argument" (p. 927). Their focus was on "explicit" (p. 927) or "genuine" (Osborne et al. , p. 1007 ) episodes in which students had opposing standpoints. Such episodes, the authors stated, were indicated by words or phrases such as "but," "I disagree with you," "I don't think so," (Erduran et al. 2004, p. 927) . In essence, this first analytical step is very similar to how Kelly et al. (1998) coded their data for "challenges" and to how Jiménez-Aleixandre et al. (2000) apparently coded their data for "oppositions". But the new idea of Erduran et al. (2004) and Osborne et al. (2004) was the use of argumentative indicators so as to regiment the analysis procedure. Erduran et al. (2004) also suggested the use of argumentative indicators for identifying core elements in the second step of the procedure: "[T]he data for the argument […] is often preceded by words such as "because," "since," or "as"" (Osborne et al. , p. 1006 ; and words such as "so" typically mark that the speaker is "reaching conclusions from data" (Erduran et al. 2004, p. 919) . It has to be noted that the approach of looking for argumentative indicators in order to extrapolate core elements had been used before by Jiménez-Aleixandre and Pereiro-Muñoz (2002) but they only mentioned indicators "such as 'because' or 'since'" (p. 1177).
In order to further stabilize the extrapolation of core elements, Erduran et al. (2004) divided the analytical work into two phases. First, the analyst should identify claims and possible grounds (a concatenation of data, warrants and backings) for the claim and the possible rebuttals of the argument for the claim (cf. Erduran et al. 2004, p. 920) . According to the authors, these core elements are "first-order elements" (Osborne et al. , 1006 . Second, the analyst may venture into identifying "second-order elements which are the components of the grounds for the claimthat is, the data, warrants, and backings" (Osborne et al. , 1006 . Though the authors indicated "that there is inevitably a process of interpretation to be made" (Osborne et al. , p. 1006 in the process of extrapolating core elements, "there was little problem in distinguishing claims or rebuttals" (p. 926).
The way that Erduran et al. (2004) and Osborne et al. (2004) proposed this regimented analysis procedure raises some issues. It is difficult to get a sense of the conceptual foundation of Erduran et al.'s (2004) identification of oppositional episodes (cf. p. 927; Osborne et al. 2004 Osborne et al. , p. 1007 . As argued above, oppositions or challenges can take different forces and degrees; indicators such as "I disagree with you", and "I don't think so" may represent different forces of a "mixed" form of disagreement, whereas an indicator such as "but" may represent a "nonmixed" form of disagreement (such as casting doubt, or merely refraining from endorsement) (Eemeren and Grootendorst 1992, p. 21ff.) . While in principle it could be possible to concatenate these different forces and forms of disagreement into a generic concept of opposition, the fact that the authors did not discuss what they took an oppositional episode to be obscures the readers understanding of what analytical yardstick was used to identify oppositional episodes.
Further, the few remarks that Erduran et al. (2004) gave on how they classified rebuttals according to their strength suggest that the classification happened on the basis of a dialectical interpretation. Erduran et al. (2004) defined a strong rebuttal as making "direct reference to a piece of evidence (data, warrants, or backings) offered, thereby engaging with a presented argument" (p. 921); so a rebuttal that "does not make a clear, self-evident connection to the data supporting the original claim" is a "weak rebuttal" (p. 929). This would mean that in order to judge whether a given talk turn can be extrapolated as a strong rebuttal, the analyst must ipso facto look at its coherence with other talk turns in its context. The analyst must, that is, essentially attend to the rebuttal in its dialectical context and evaluate it from that perspective. However, Erduran et al. (2004) and Osborne et al. (2004) did not describe the yardstick used to assess the degree to which a particular rebuttal makes reference to pieces of evidence given at another place in the dialogue.
This leads to a more general issue: Beyond providing three typical argumentative indicators for speakers eliciting a premise, Erduran et al. (2004) did not discuss which argumentative indicators were used to identify and extrapolate core elements in general, and why these indicators were used. Other disciplines have spawned numerous works on the many different types of argumentative indicators in discourse (Fraser 1975; Pomerantz 1984a, b; Snoeck Henkemans 1992; ). Indeed, it has been a longstanding discussion in argumentation theory whether and how specific argumentative indicators can be used as analytical guides in the analysis of argumentative discourse (Katriel and Dascal 1984; Snoeck Henkemans 1996; van Eemeren and Grootendorst 1982; Walton and Krabbe 1995) . But such a discussion is not reflected in Erduran et al. (2004) and this again shrouds their analytical yardstick.
It is important to note that the rationale behind using argumentative indicators is that the analyst conceptualizes the recorded argumentative discourse as sequential in the sense that she is analyzing a conversational exchange that consist of moves and countermoves that relate to one another ( ; see also Krabbe 1999; Walton 1999) . In other words, to believe in the utility of argumentative indicators is to believe that speakers in specific situations express themselves in specific fashions, and that this fashion is a function of what happened before and of what the speaker anticipates will happen next. Thus, in the terminology of this paper, the use of argumentative indicators as guides when extrapolating argument cores from argument sequences, may be parasitic on, or even a part of, an interpretation of the dialectical features of argumentation. For example it may depend on the dialectical context whether the use of 'therefore' marks that a speaker will now elicit data or whether the speaker provides an explanation (van ). Likewise 'but' only in some cases mark an explicit challenge to a standpoint, in some cases it merely indicates doubt on the content of another talk turn, and in other cases it may even indicate other dialectical moves such as dissociating various aspects of an issue (as in "I was not talking about football but handball") that also play a role in the dialectics of argumentation (cf. e.g. Rees 2009 ). Further, a number of standard indicator words such as 'because', 'therefore', 'so' and, 'since' do not necessarily indicate that an argument is being made; they may just as reliably indicate an explanationa discursive act which is fundamentally different from an argument (Govier 2010) . Sorting this out is an affair of interpreting on the dialectics of the exchange at hand. Thus the intense interpretation that Erduran et al. (2004) went throughin order to decide whether a given talk unit was to be coded as this or that core elementmust have been a dialectical analysiseven though it was not identified as such. Erduran et al. (2004) were able to reach a satisfactory inter-rater reliability (p. 922; Osborne et al. 2004 Osborne et al. , p. 1008 . Thus the reliability is not in doubt. In fact, reliability may not even be the interesting feature to look for. The point to note is that the reliability was a "product of the significant time devoted to resolving disagreements" among the coders (p. 920). Indeed, as Erduran et al. (2004) emphasized, the extrapolation of argument cores requires intense "interpretation" (p. 922), for in ordinary argumentative talk there are not always conspicuous indicators that uniformly mark that a particular talk unit is to be coded as a token of a generic core element. The intense interpretations that go into extrapolating talk units as core elements, the discussion among coders, and the final analytical decisions are in themselves highly interesting and deserve to be illuminated. Lunsford (2002) , for example, has argued thatin educational research in generalthese is a lack of transparency of these interpretations, discussions, and decisions in Toulminian studies of students' argumentative discourse: "What tend to remain invisible are the numerous decisions the analysts must make to match specific pieces of data to the Toulminian codes, as well as the negotiations among coders over different possible applications of the model" (Lunsford 2002, p. 115) .
Summary and Discussion of the uses of the Toulmin model
The purpose of the reviews above has been to highlight (i) that concrete operationalizations of the Toulmin model require that an interpretation of the dialectical features of the dialogical argumentation precedes the actual use of the Toulmin model; further, (ii) that in science education this type of interpretation that precedes the use of the Toulmin model has rarely been recognized as what it actually isnamely, an interpretation of the dialectical features of dialogical argumentation; and finally (iii) that even though this immense amount of interpretation has been recognized as a required part of the analysis procedure, the decisions that analysts made in that interpretation remain implicit.
Within the argumentation strand in science education, the necessity to investigate and interpret the dialectical features of dialogic argumentation has largely arisen in a roundabout way. The investigation of the dialectical features has primarily served an instrumental purpose of preparing the analyst for extrapolating Toulminian core elements from dialogic argumentation. In short, the interest in dialectical features has mainly arisen from the difficulties that permeate Toulminian analysis. This is unfortunate because the interpretation of dialectical features is a complex affair that merits substantial documentation and discussion. It should not be stowed away as a preparatory interpretation. Also it puts to the question the rationality of reducing argumentative discourse to core elements as a way of conducting large-scale studies.
So far this paper has concentrated largely on the use of the Toulmin model in empirical studies in science education. But the trend of the use of the Toulmin model for making dialectical interpretations is a manifestation of a deeper-rooted problem. Within argumentation theory and philosophy, it has been argued that the monological view afforded by the Toulmin model cannot meaningfully be applied to the complex dialogic dynamics of everyday argumentation (e.g. Fulkerson 1996; Habermas 1984; Johnson 1981a Johnson , 2002 Lynch 1982; Primatarova-Miltscheva 1987; van Eemeren et al. 1987; Willard 1976; Wohlrapp 1987) . So though the Toulminian analyst may intend to investigate dialogic argumentation, her direct object of study is monologicit is dialogic only in terms of the distant dialogic context in which the object of study was recorded. This puts to the question the a priori consistency of the Toulmin model. Indeed, the key tenet of the discursive paradigm that emerged within the social sciences and philosophy in the 20 th century is that no talk unit or part of a dialogue can be categorized or extrapolated as anything at all without attending to its relation parts of the dialogue (e.g. Habermas 1984; Schlegoff 1988) . So the fundamental problem is that the Toulmin model simply does not include the conceptual tools that are needed in order to understand and thematise the dialogic context it presupposes for everyday non-analytical argumentation (Smith 1995) .
From an a priori perspective, then, empirical studies that apply the Toulmin model are forced to supplement it with another framework that affords the dialectical interpretation that the Toulmin model manifestly requires before it can be applied. But such supplements cannot be chosen haphazardly. Any supplementing framework must be in a priori agreement with the foundational ontological tenets of the Toulmin model. It seems at this point that the argumentation strand is required to discuss in more detail, which frameworks might fit if the strand wishes to continue some form of use of the Toulmin model. Some scholars have taken the ultimate consequence of this disconcerting predicament and have approached students' dialogic argumentation explicitly from a dialectical perspective. The following section outlines some of these contributions.
Dialectical Studies in Science Education
One of the strongest advocates for attending explicitly to the dialectical features of students' argumentation has been Duschl (2007) who has proposed that science education researchers use Walton's framework for presumptive reasoning. According to Walton (1996) , presumptive reasoning is a special type of argumentation that permeates everyday dialogic argumentation: For example "John's hat is not on the peg. Therefore John has left the house" (p. 17). In such argumentation the speaker draws a conclusion partly based on the tacit premise (the presumption) "If John's hat is not on the peg, then (we can normally expect), he has left the house" (p. 17). Walton's (1996) notion of presumptive reasoning is a way to spell out the dialogue logic of dialectical argumentation: Presumptive reasoning involves conclusions that are "defeasibly drawn from the premises rather than strictly implied by the premises" (p. 17); and if the antagonist present a sound argument for her standpoint, the opponent has to either accept the conclusion or rebut the argument. In other words, "[w]ith presumption then, the burden of (dis)proof lies on the respondent, not on the proponent" (Walton 1996, xii ; see also p. 10). For Walton (1996) , a sound argument is one in which the speaker follows one of 25 recognized argumentation schemes that fits the dialogic context of the discussion; and each scheme is followed by a list of "critical questions" that mark criteria for the cogency of the delivered argument (Walton 1996, pp. 46-110) . If an opponent attempts to rebut a delivered presumptive argument she would ideally begin to scrutinize the critical questions. Duschl et al. (1999; see also Duschl 2007 ) applied Walton's framework in an investigation of students' argumentative discourse in small group interviews. The procedure that can be distilled from Duschl (2007) is that the analyst interpreted argument sequences in order to identify one of nine different argumentation schemes, and thereby establishes a quantitative measure of the relative number of occurrences of a given scheme under changing circumstances or over time (cf. p. 169-170) . In order to guide the identification most schemes were followed by a number of argumentative indicators or conversational markers. For this approach, just like for the Toulmin model, there is a substantial obstacle of how to determine which type of scheme a given argument follows. In order to circumvent this obstacle, Duschl et al. (1999; see also Duschl 2007) collapsed the schemes into four categories. It is possible that for an explicitly dialectical framework such as Walton's, this difficulty is less problematic than it is for the Toulmin model. To recall, the main problem that arose from the difficulty of extrapolating individual core elements was that the analyst had to do interpretative work on the dialectical features that could not be conceptualized from within the Toulmin model. But, in order to assess whether this interpretative problem is also an issue for Walton's framework, more theoretical discussions and empirical studies are needed. And there are indeed indications that more such work will appear in the near future. For example, Castells et al. (2009) conducted a similar type of study of the frequency of selected argumentation schemes in students' discoursealthough they interwove Walton's notion of argumentation schemes with that of Perelman and Olbrechts-tyteca (1969) .
It seems straightforward, however, that Walton's framework could also be used on smallscale studies that go deeper into selected cases of interesting argument sequences rather than comparing frequencies of schemes under different circumstances or over time. In any case, Duschl (2007) appears to be correct in asserting that Walton's framework, in comparison to the Toulmin model, more adequately fit the discourse structures (e.g., dialectical and rhetorical) and reasoning sequences"that are typical for group discourse such as the object of study of the argumentation strand" (p. 169) and that "[p]resumptive reasoning analyses seem to be a natural entry point for the assessment and development of student's argumentation strategies" (p. 173).
However, one rebuttal may be appropriate at this place. There are indications that Walton's notion of presumptive reasoning may be at odds with a very common form of practical argumentation, namely that of deliberative argumentation in which two or more speakers deliberate about what to do (not what is true). As Kock (2007a) has argued, there are many instances of practical deliberation were it would be wrong to suggest that just because an argument is "not rebutted, such an argument is strong enough to immediately mandate the decision (albeit in a presumptive way); and it is just as wrong to suggest that if a pertinent critical question is raised about the argument, then it is rebutted and […] dealt with." (p. 93). For example, in most political discussions, an arguer who does not successfully rebut her opponent's argumentation will hardly succumb and agree with the standpoint of her opponent; and, Kock (2007b) argues, this is tolerable as long as she is observant of her other dialectical obligations. In short, there can be legitimate dissensus. From the perspective of Kock (2007a) , the notion of presumptive reasoning is more ideally fitted for argumentation about propositionsrather than proposal about what to do. For the science education context this is important because if this is so, then Walton's framework seems well fitted for scientific argumentation about propositions, but not for socio-scientific argumentation about, for example, whether gene therapy should be allowed.
In a study of peer argumentation in small student groups during scientific inquiry activities Kim and Song (2005) explicitly attended to the "overall structure of argumentation involving several people" and "the process of argumentation rather than the form and content of the argument" (p. 215). The study by Kim and Song (2005) was explorative: Rather than using a predetermined coding scheme for analyzing their multifarious data types, they inductively constructed a scheme during their analysis. Some of the dimensions of the dialectical features of the discourse that Kim and Song (2005) focused on concerned the types of argumentative "strategies" that students would use in the discussions, and the discussion "stages" in terms of the dialectical "purpose" of a series of "conversational turns" (p. 219). For example they found that while some argumentative strategies pertained to the "cognitive" content of the argumentation (e.g. "questioning", "elaborating" etc.), other strategies pertained to the "social", or overall dialectical, aspects of the discussion ("conflict inducing" or "cooperative inducing" strategies) (pp. 221-223) . This is resonant with some of the findings of Leitão (2000) in social psychology. Kim and Song (2005) also found that discussions go through stages of "focussing", "debating", "exchanging", and "closing" (p. 219). Kim and Song's (2005) study was explicitly interpretative and was markedly grounded on previous expositions of conversational interaction. Such small-scale interpretative studies necessarily serve a different purpose than the studies that quantify larger amounts of data and score according to an a priori coding scheme. The force of the study of Kim and Song (2005) is the explicit role that their intense dialectical interpretations play in the report paper on the study.
In another small-scale study, Naylor et al. (2007) applied a specially designed model (the "Downing model") for analyzing "the nature of the interaction between the individuals" who participated in the study (p. 22; emphasis added). In particular they focused on how the interactional dynamics changed in students' group discussions when the teacher was present (cf. p. 32). Though the "Downing model" includes seven levels, it is not hierarchical; and while some of the levelssuch as level 3 "[p]upils begin to offer grounds to support their claims" (p. 23)seem to resemble levels in the coding scheme of Erduran et al. (2004) , other levels indicate the attention to the interactional features of students' argumentation. For example, level 5 ("[p]upils respond to ideas from others in the group") and level 6 ("[p]upils are able to sustain an argument in a variety of ways") (Naylor et al. 2007, p. 23) . As in the case of the paper by Kim and Song (2005) , the paper of Naylor et al. (2007) presents, interprets and discusses multiple and extensive transcripts of the recorded dialogic argumentation. One of the aspects of young science students' discussions that Naylor et al. (2007) were able to document was that "given a suitable stimulus" even young pupils "can and do engage in argumentation" which they sustain over considerable time (p. 36); and further, that the way in which students in their study argued indicated that they co-constructed their arguments dialectically "rather than viewing argumentation as confrontational" (p. 36).
Nielsen (2010, see also Nielsen forthcoming) has proposed another dialectical approach to students' dialogic argumentation in the context of a study on how science facts and human values are interweaved in small group discussions on a socio-scientific dilemma. The recorded dialogic argumentation in that study was approached in different analytical steps (cf. Nielsen 2010, forthcoming) . First, each talk turn in the argument sequences was inductively coded so as to interpret which issue an individual talk turn was about. This coding led to the identification of a handful of key thematic issues for each discussion. Second, select argument sequences of each discussion were analyzed using a generic approach from argumentation theorynormative pragmatics (Goodwin 2001; Jacobs 2000; . In this step the objective was to interpret, from an argumentation theory perspective, both the content (what was said?) and the design (how was it said?) of the interactive messages that the students elicited during the discussion. Third, the normative pragmatics analysis culminated in an interpretation of the design and content of sequences of talk turns against the background of the thematic issues of the discussion. In that way, the overall objective of this form of analysis was to identify different argumentative strategies in which students blurred the fact-value distinction, to explain how these different strategies work argumentatively, but also, more importantly, how such strategies function within the discussion as a dynamic and organic whole. Nielsen (2010, see also Nielsen forthcoming) found that the argumentative strategies in which students invoke science alongside value claims or judgments can be dialectically complex in the sense that some of the argumentative strategies that students conspicuously used involved subtle challenges to others and were executed in several talk turns at different places in the overall discussion sequence.
So while there have been a small number of studies in science education that attend directly and explicitly to the dialectical features of students' argumentation, it is still too soon to portray a general tendency among these studies beyond their common dialectical focus on dialogic argumentation.
Concluding Remarks
This paper has presented an argument for the necessity of a thorough theoretical discussion in the argumentation strand about how to understand and analyze the dialectical features of students' dialogic argumentation. The dialectical features, which are operative when students collaboratively argue for and against a standpoint, are interesting from an educational perspective; but, more importantly, it has been impossible for analysts to avoid interpreting these features, even if those analysts have set out to investigate non-dialectic aspects of students' argumentation. Thus the argumentation strand has, since its beginning, struggled to come to terms with the dialectical features of its object of study. The paper has further argued that the interpretative decisions and discussions of analysts have mostly not been communicated in a clear way. And it is still to soon to gather a general overview of the studies that explicitly set out to interpret the dialectical features of students' discourse; for these studies are few in numbers and still emerging. From these points emerge five key issues for the continued scholarly debate within the argumentation strand in science education.
The first issue pertains to the object of study of the argumentation strand. As this paper has attempted to show, most scholars in the strand have set out to investigate dialogic argumentation. But while the strand's standard definition of dialogic argumentation implies that such argumentation is dialectical, the dominant approach within the strand has been attempts to reduce the dialectical nature of discourse to measurable constructs of core elements. This suggests that there has been a mismatch between the intended object of study and the analytical approaches used to investigate that object of study. In order to resolve this the first issue that the argumentation strand must address is how dialogic argumentation should best be conceptualized from a science education perspective.
It has been thematic for the argumentation strand that attention to the dialectical features of students' argumentation has been motivated by difficulties of applying the Toulmin model. Analysts have thus largely seen themselves forced to adjust or add supplementary approaches to the Toulmin model. But it is manifest that, if future attempts to adjust the Toulmin model or to crossbreed it with other analytical frameworks are to succeed, then these adjustments or added analytical frameworks must be explicitly built to guide the analyst in her interpretation of the dialectical features of students' argumentation. But this, in turn, means that the scholars of the strand need to revisit what they see as viable analytical frameworks in general. Thus the second issue, which the argumentation strand needs to address, is this: Given a firm conceptualization of dialogic argumentation, which available analytical frameworks and approaches allow science education analysts to analyze the dialectical features of dialogical argumentation?
On the face of it, the Toulmin model has many advantages. The analyst is able to quantify large amounts of qualitative data, and can compare patterns of core elements across subjects, contexts, and time; and as a model, the Toulmin model potentially enables researchers to reconstruct, structure, and organize messy argumentation in order to get an overview of the situation (Andrews 2005) . So while there are some disconcerting theoretical problems with the Toulmin model, it does propose itself for semi large-scale quantitative studies. The third issue for the argumentation strand is, then, how to salvage the appealing aspects of frameworks such as the Toulmin model that focus on core elements of arguments without having to face the substantial problems of the original Toulmin model.
Connected with the third issue is a more general and strategic issue. There will always be a certain trade off between having measurable constructs in the form of (informal) logical relations between core elements, on the one hand, and taking account of the dialectical context in which they originated, on the other. But where should the argumentation strand stake its money in the nearest future? Thus the fourth issue that the strand needs to address is whether the strand can better aid science education by large scale studies that focus on the (informal) logical relations in students' discourse or on smaller studies that are more explorative of students' argumentative discourse.
In any case it is crucial that the strand finds a viable solution to the practical problem of how to communicate and discuss the dialectical interpretation and interpretative decision that are a natural part of argumentation studies. From the reviews in this paper it is manifest that this is an aspect that deserves much more attention. The scholars of the argumentation strand may need to look in more detail to other fields that study discourse, but this will surely not be enough for the same problems are due to exist there as well. But the issue remains for the argumentation strand to address: Exactly how and in which forums should scholars communicate to, and discuss with, other scholars how the dialectical features were interpreted in a given study and why?
It is clear that such issues cannot be addressed in a vacuum. Scholars of the argumentation strand have to look to science education as an overarching endeavor, other scholarly fields, practitioners, and policy makers in order to properly discuss these issues. Nor do such issues have determinate answers. Thus the task of resolving these issues is similar to the activities that we in the argumentation strand love to study: The rewarding part is not the final claim or decision, nor is it the individual premises that substantiate it; the progress lies in the dialectics of the continued discussion.
